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1
ANTI-GLARE SURFACE TREATMENT
METHOD AND ARTICLES THEREOF

CLAIMING BENEFIT OF PRIOR FILED
APPLICATION

This application claims the benefit of priority of U.S.
Patent Provisional Application No. 61/329,936, filed on Apr.
30,2010 and U.S. Patent Provisional Application No. 61/372,
655, filed on Aug. 11, 2010.

The entire disclosure of any publication or patent docu-
ment mentioned herein is incorporated by reference.

BACKGROUND

The disclosure relates generally to methods of making and
using an anti-glare surface and articles thereof.

SUMMARY

The disclosure provides a method of making an anti-glare
surface, articles made by the method, and a display system
incorporating the article having the anti-glare surface. The
method of making includes depositing sacrificial particles on
at least one surface of an article and contacting the particle
treated surface (particulated surface) with an etchant to form
the anti-glare surface.

BRIEF DESCRIPTION OF THE DRAWING(S)

In embodiments of the disclosure:

FIG. 1 shows a schematic of the method of making an
anti-glare layer on a glass surface.

FIG. 2a shows a micrograph of particles that have been
spin-coated onto a glass surface and are ready for etching.

FIG. 26 shows a micrograph of a glass surface after etching
in acid solution for about 10 minutes to produce an excellent
anti-glare surface layer.

FIG. 3 shows three-dimensional optical surface analysis
measurements of the etched sample of FIG. 24.

FIG. 4 shows a plot of the haze and DOI plotted against
etch time.

FIGS. 5a and 5b, respectively, show the glass surface
before etching and a Zygo profile after etching, for a repre-
sentative spray-coated sample.

FIG. 6 shows results of etch time v. DOI and Haze proper-
ties for surface preparations made with smaller glass particle
size (D5, of 0.7 micrometers).

FIG. 7 shows results of etch time v. DOI and Haze proper-
ties for a soda lime glass were particulated with glass particles
having larger particle sizes (D5, of 3.5 micrometers) com-
pared to particles used in obtaining the FIG. 6 results.

FIG. 8 shows results of a study of glass warp on eight inch
square (8"x8") glass sheets.

FIG. 9 is a graph that shows the temperature effect on the
Haze and DOI for 12 micron particles after etching.

DETAILED DESCRIPTION

Various embodiments of the disclosure will be described in
detail with reference to drawings, if any. Reference to various
embodiments does not limit the scope of the invention, which
is limited only by the scope of the claims attached hereto.
Additionally, any examples set forth in this specification are
not limiting and merely set forth some of the many possible
embodiments of the claimed invention.
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2
DEFINITIONS

“Anti-glare” or like terms refer to a physical transformation
of light contacting the treated surface of an article, such as a
display, of the disclosure that changes, or to the property of
changing light reflected from the surface of an article, into a
diffuse reflection rather than a specular reflection. In embodi-
ments, the surface treatment can be produced by mechanical
or chemical etching. Anti-glare does not reduce the amount of
light reflected from the surface, but only changes the charac-
teristics of the reflected light. An image reflected by an anti-
glare surface has no sharp boundaries. In contrast to an anti-
glare surface, an anti-reflective surface is typically a thin-film
coating that reduces the reflection of light from a surface via
the use of refractive-index variation and, in some instances,
destructive interference techniques.

“Contacting” or like terms refer to a close physical touch-
ing that can result in a physical change, a chemical change, or
both, to at least one touched entity. In the present disclosure
various particulate deposition or contacting techniques, such
as spray coating, dip coating, and like techniques, can provide
aparticulated surface when contacted as illustrated and dem-
onstrated herein. Additionally or alternatively, various chemi-
cal treatments of the particulated surface, such as spray,
immersion, and like techniques, or combinations thereof, as
illustrated and demonstrated herein, can provide an etched
surface when contacted with one or more etchant composi-
tions.

“Distinctness-of-reflected image,” “distinctness-of-im-
age,” “DOI” or like term is defined by method A of ASTM
procedure D5767 (ASTM 5767), entitled “Standard Test
Methods for Instrumental Measurements of Distinctness-of-
Image Gloss of Coating Surfaces” In accordance with
method A of ASTM 5767, glass reflectance factor measure-
ments are made on the at least one roughened surface of the
glass article at the specular viewing angle and at an angle
slightly off the specular viewing angle. The values obtained
from these measurements are combined to provide a DOI
value. In particular, DOI is calculated according to equation

(D

DOI = [1 - %]xmo W

where Rs is the relative amplitude of reflectance in the specu-
lar direction and Ros is the relative amplitude of reflectance in
an off-specular direction. As described herein, Ros, unless
otherwise specified, is calculated by averaging the reflectance
over an angular range from 0.2° to 0.4° away from the specu-
lar direction. Rs can be calculated by averaging the reflec-
tance over an angular range of +0.05° centered on the specular
direction. Both Rs and Ros were measured using a goniopho-
tometer (Novo-gloss 1Q, Rhopoint Instruments) that is cali-
brated to a certified black glass standard, as specified in
ASTM procedures D523 and D5767. The Novo-gloss instru-
ment uses a detector array in which the specular angle is
centered about the highest value in the detector array. DOI
was also evaluated using 1-side (black absorber coupled to
rear of glass) and 2-side (reflections allowed from both glass
surfaces, nothing coupled to glass) methods. The 1-side mea-
surement allows the gloss, reflectance, and DOI to be deter-
mined for a single surface (e.g., a single roughened surface) of
the glass article, whereas the 2-side measurement enables
gloss, reflectance, and DOI to be determined for the glass
article as a whole. The Ros/Rs ratio can be calculated from the
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average values obtained for Rs and Ros as described above.
“20° DOL” or “DOI 20°” refers to DOI measurements in
which the light is incident on the sample at 20° off the normal
to the glass surface, as described in ASTM D5767. The mea-
surement of either DOI or common gloss using the 2-side
method can best be performed in a dark room or enclosure so
that the measured value of these properties is zero when the
sample is absent.

For anti-glare surfaces, it is generally desirable that DOl be
relatively low and the reflectance ratio (Ros/Rs) of eq. (1) be
relatively high. This results in visual perception of a blurred
or indistinct reflected image. In embodiments, the at least one
roughened surface of the glass article has a Ros/Rs greater
than about 0.1, greater than about 0.4, and, greater than about
0.8, when measured at an angle of 20° from the specular
direction using the 1-side method measurement. Using the
2-side method, the Ros/Rs of the glass article at a 20° angle
from the specular direction is greater than about 0.05. In
embodiments, the Ros/Rs measured by the 2-side method for
the glass article is greater than about 0.2, and greater than
about 0.4. Common gloss, as measured by ASTM D523, is
insufficient to distinguish surfaces with a strong specular
reflection component (distinct reflected image) from those
with a weak specular component (blurred reflected image).
This can be attributable to the small-angle scattering effects
that are not measurable using common gloss meters designed
according to ASTM D523.

“Transmission haze,” “haze,” or like terms refer to a par-
ticular surface light scatter characteristic related to surface
roughness. Haze measurement is specified in greater detail
below.

“Roughness,” “surface roughness (Ra),” or like terms refer
to, on a microscopic level or below, an uneven or irregular
surface condition, such as an average root mean squared
(RMS) roughness or RMS roughness described below.

“Gloss,” “gloss level,” or like terms refer to, for example,
surface luster, brightness, or shine, and more particularly to
the measurement of specular reflectance calibrated to a stan-
dard (such as, for example, a certified black glass standard) in
accordance with ASTM procedure D523, the contents of
which are incorporated herein by reference in their entirety.
Common gloss measurements are typically performed at inci-
dent light angles of 20°, 60°, and 85°, with the most com-
monly used gloss measurement being performed at 60°. Due
to the wide acceptance angle of this measurement, however,
common gloss often cannot distinguish between surfaces
having high and low distinctness-of-reflected-image (DOI)
values. The anti-glare surface of the glass article has a gloss
(i.e.; the amount of light that is specularly reflected from
sample relative to a standard at a specific angle) of up to 90
SGU (standard gloss units), as measured according to ASTM
standard D523, and, in one embodiment, has a gloss in arange
from about 60 SGU up to about 80 SGU. See also the DOI
definition above.

“ALF” or “average characteristic largest feature size” or
like terms refer to a measure of surface feature variation in the
x- and y-directions, i.e., in the plane of the substrate, as
discussed further below.

“Sparkle,” “display sparkle,” or like terms refer to the rela-
tionship between the size of features on the at least one
roughened glass surface and pixel pitch, particularly the
smallest pixel pitch, is of interest. Display “sparkle” is com-
monly evaluated by human visual inspection of a material that
is placed adjacent to a pixelated display. ALF and its relation-
ship to display “sparkle” has been found to be a valid metric
for different materials having different surface morphologies,
including glasses of varying composition and particle-coated
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polymer materials. A strong correlation between average
largest characteristic feature size (ALF) and visual ranking of
display sparkle severity exists across multiple different
sample materials and surface morphologies. In embodiments,
the glass article can be a glass panel that forms a portion of a
display system. The display system can include a pixelated
image display panel that is disposed adjacent to the glass
panel. The smallest pixel pitch of the display panel can be
greater than ALF.

“Uniformity,” “uniform” or like terms refer to the surface
quality of an etched sample. Surface uniformity is commonly
evaluated by human visual inspection at various angles. For
example, the glass article sample is held at about eye level,
and then slowly turned from O to 90 deg., under a standard,
white fluorescent light condition. When no pin-holes, cracks,
waviness, roughness, or other like defects can be detected by
the observer, the surface quality is deemed “uniform”; other-
wise, the sample is deemed not uniform. “Good” or “OK”
ratings mean that the uniformity is acceptable or satisfactory
with the former being subjectively better than the latter.

“Include,” “includes,” or like terms means encompassing
but not limited to, that is, inclusive and not exclusive.

“About” modifying, for example, the quantity of an ingre-
dient in a composition, concentrations, volumes, process tem-
perature, process time, yields, flow rates, pressures, and like
values, and ranges thereof, employed in describing the
embodiments of the disclosure, refers to variation in the
numerical quantity that can occur, for example: through typi-
cal measuring and handling procedures used for preparing
materials, compositions, composites, concentrates, or use
formulations; through inadvertent error in these procedures;
through differences in the manufacture, source, or purity of
starting materials or ingredients used to carry out the meth-
ods; and like considerations. The term “about” also encom-
passes amounts that differ due to aging of a composition or
formulation with a particular initial concentration or mixture,
and amounts that differ due to mixing or processing a com-
position or formulation with a particular initial concentration
or mixture. The claims appended hereto include equivalents
of these “about” quantities.

“Consisting essentially of” in embodiments can refer to,
for example:

a method of making a glass article by depositing sacrificial
particles on a surface of the article; and contacting the par-
ticulated surface with an etchant;

a glass article having an anti-glare surface having haze,
distinctness-of-image, surface roughness, and uniformity
properties, as defined herein; or

a display system that incorporates the glass article, as
defined herein.

The method of making, the article, the display system,
compositions, formulations, or any apparatus of the disclo-
sure, can include the components or steps listed in the claim,
plus other components or steps that do not materially affect
the basic and novel properties of the compositions, articles,
apparatus, or methods of making and use of the disclosure,
such as particular reactants, particular additives or ingredi-
ents, a particular agent, a particular surface modifier or con-
dition, or like structure, material, or process variable selected.
Items that may materially affect the basic properties of the
components or steps of the disclosure or that may impart
undesirable characteristics to the present disclosure include,
for example, a surface having objectionable high glare or high
gloss properties, for example, having a haze, a distinctness-
of-image, a surface roughness, a uniformity, ora combination
thereof, that are beyond the values, including intermediate
values and ranges, defined and specified herein.



US 9,085,484 B2

5

The indefinite article “a” or “an” and its corresponding
definite article “the” as used herein means at least one, or one
or more, unless specified otherwise.

Abbreviations, which are well known to one of ordinary
skill inthe art, may beused (e.g., “h” or “hr” for hour or hours,
“g” or “gm” for gram(s), “mL.” for milliliters, and “rt” for
room temperature, “nm” for nanometers, and like abbrevia-
tions).

Specific and preferred values disclosed for components,
ingredients, additives, and like aspects, and ranges thereof,
are for illustration only; they do not exclude other defined
values or other values within defined ranges. The composi-
tions, apparatus, and methods of the disclosure can include
any value or any combination of the values, specific values,
more specific values, and preferred values described herein.

Chemically strengthened glasses are used in many hand-
held and touch-sensitive devices as display windows and
cover plates where resistance to mechanical damage can be
significant to the visual appearance and functionality of the
product.

Reduction in the specular reflection (a significant factor in
glare) from these display surfaces is often desired, especially
by manufacturers whose products are designed for outdoor
use where glare can be exacerbated by sunlight. One way to
reduce the intensity of the specular reflection, quantified as
gloss, is to roughen the glass surface or cover it with a textured
film. The dimensions of the roughness or texture should be
large enough to scatter visible light, producing a slightly hazy
or matte surface, but not too large as to significantly affect the
transparency of the glass. Textured or particle-containing
polymer films can be used when maintaining the properties
(e.g., scratch resistance) of the glass substrate are not impor-
tant. While these films maybe cheap and easy to apply, they
are subject to easy abrasion which can reduce the display
functionality of the device. Another approach to roughening
the glass surface is chemical etching. U.S. Pat. Nos. 4,921,
626, 6,807,824, 5,989,450, and W0O2002053508, mention
glass etching compositions and methods of etching glass with
the compositions.

One result of roughening a glass surface is to create
“sparkle,” which is perceived as a grainy appearance. Sparkle
is manifested by the appearance of bright and dark or colored
spots at approximately the pixel-level size scale. The pres-
ence of sparkle reduces the viewability of pixilated displays,
particularly under high ambient lighting conditions.

In embodiments, the disclosure provides a wet etch method
for generating an anti-glare surface on the glass while pre-
serving its inherent mechanical surface properties. During
this process, a particulated glass surface is exposed to chemi-
cals which can degrade the surface to alter the surface rough-
ness dimensions that are responsible for scattering visible
light. When significant quantities of mobile alkali ions are
present in the glass, such as in soda lime silicate glasses, a
roughened surface can be formed by, for example, contacting
the glass surface in an acid etchant solution, such as a solution
containing fluoride ion.

In embodiments, the disclosure provides a method of mak-
ing an article having an anti-glare surface, comprising:

depositing particles on at least one surface of the article;
and

contacting the at least one surface of the article having the
deposited particles with an etchant to form the anti-glare
surface.

In embodiments, the at least one surface of the article can
be, for example, a glass, a composite, a ceramic, a plastic or
resin based material, and like materials, or combinations
thereof. In embodiments, the deposited particles can be, for
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example, a glass, a composite, a ceramic, a plastic or resin
based material, a metal, a salt, a clay, a polymer, a copolymer,
nano-particles, cross-linked polymer particles, UV cured par-
ticles, and like materials, or combinations thereof. In embodi-
ments, the etchant can be comprised of at least one acid
suitable for etching the surface beneath the deposited par-
ticles.

In embodiments, the glass surface and the glass particles
can be independently selected from, for example, at least one
aluminosilicate, aluminoborosilicate, soda lime, borosilicate,
silica, and like glasses, or a combination thereof, and the
etchant can comprise at least one acid selected from HF,
H,SO,, or a combination thereof.

The depositing of particles on at least one surface of the
article can include, for example,

forming a concentrated liquid suspension of the particles,
diluting the concentrated suspension with a diluent, and

contacting the at least one surface with the diluted suspen-
sion.

Additionally or alternatively, the contacting the at least one
surface with particles can be accomplished with a concen-
trated particle suspension, or a particle suspension of inter-
mediate concentration. The particle-surface contacting can be
accomplished using any suitable method, for example, spin-
coating, spray-coating, roll-coating, laminating, brushing,
dipping, and like application methods, or a combination
thereof. The deposited particles can have, for example, a Dy,
diameter of from about 0.1 to about 10 micrometers, from
about 1 to about 10 micrometers, and from about 1 to about 5
micrometers, including intermediate values and ranges. In
embodiments, the particle size range can be, for example,
from about 0.1 to about 50 micrometers, 1 to about 30
micrometers, and like particle diameters including interme-
diate values and ranges.

In embodiments, the contacting of the particulated surface
with an etchant can be accomplished by, for example, expos-
ing the surface having the deposited particles to the etchant,
for example, for from about 1 second to about 30 minutes,
including intermediate values and ranges.

In embodiments, the preparative method can optionally
further include, for example, washing the resulting etched
anti-glare surface, chemically strengthening the anti-glare
surface, applying a functional coating or film (e.g., a light
sensitive or polarizing film) or protective surface coating or
film, and like coatings or films, or a combination thereof.

In embodiments, when a single-side acid-etch, or like
modification is desired on a sheet of glass, one side of the
glass can be protected from the etching solution. Protection
can be achieved, for example, by applying an insoluble non-
porous coating such as an acrylic wax, or a laminate film
having an adhesive layer, for example, an acrylic, a silicone,
and like adhesives materials, or combinations thereof. Coat-
ing application methods can include, for example, brushing,
rolling, spraying, laminating, and like methods. The acid-etch
exposed insoluble non-porous protective coating survives the
etching process and can be readily removed after the etching.
Removing the protective film from the surface of the article
can be accomplished using any suitable method, such as
contacting the protective film with a dissolving liquid, heat-
ing the film to liquety and drain, and like methods and mate-
rials, or a combination thereof. Thus, the preparative method
can optionally further include, prior to etching, contacting at
least another surface, e.g., a second surface such as the back-
side of a glass sheet, of the article with an optionally remov-
able, etch-resistant protective layer.

In embodiments, the disclosure provides an article pre-
pared by any of the preparative processes disclosed herein,
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such as a glass article prepared by the above mentioned par-
ticle deposition and etching process.

In embodiments, the at least one surface of the article can
be a glass, the deposited particles can be a polymer, and the
etchant can be at least one acid.

In embodiments, the disclosure provides a glass article
comprising:
at least one anti-glare surface having:

ahaze of, for example, from about 0.1 to about 30, such as
from about 0.1 to about 25, from about 0.1 to about 20, from
about 0.1 to about 10, and from about 1 to about 10, and low
haze, such as from about 0.1 to about 5, and from about 1 to
about 5, including intermediate values and ranges;

a distinctness-of-image (DOI 20°) of, for example, from
about 25 to about 85, from about 40 to about 80, from about
45 to about 75, and from about 50 to about 70, including
intermediate values and ranges;

a surface roughness (Ra) of, for example, from about 50 to
about 500 nm, and from about 100 to about 300 nm, including
intermediate values and ranges; and

an average roughness peak-to-valley profile of from about
0.1 to about 10 micrometers, including intermediate values
and ranges.

In embodiments, the glass article having anti-glare surface
of the disclosure can comprise a distribution of topographic
features having an average diameter of about 1 to about 100
micrometers, about 1 to about 50 micrometers, including
intermediate values and ranges.

In embodiments, the disclosure provides a display system
including, for example:

a glass panel having at least one roughened anti-glare sur-
face having:

a haze of from about 0.1 to less than about 30 including
intermediate values and ranges;

a distinctness-of-image (DOI 20°) of from about 40 to
about 80, including intermediate values and ranges;

a surface roughness (Ra) of from about 100 to about 300
nm, including intermediate values and ranges; and

an average roughness peak-to-valley difference profile of
from about 0.1 to about 10 micrometers, including interme-
diate values and ranges; and

apixelated image-display panel adjacent to the glass panel.

In embodiments, the disclosure provides a method of cre-
ating an anti-glare glass surface, including, for example:

contacting a glass surface with a liquid suspension of glass
particles; and

contacting the resulting particulated glass surface and an
etchant to form the anti-glare surface.

In embodiments, the disclosure provides a wet etch process
to form a uniform, nano- to micro-scale textured surface on
most silicate glasses and without having a significant impact
on chemical strengthening capability of the glass. The pro-
cess includes depositing or otherwise coating glass particles,
such as glass or composite particles, on the glass surface,
followed by acid etching, such as in an HF, or multi-compo-
nent acid solution. In embodiments, the HF solution can
preferentially etch around the glass particles deposited on the
glass surface, then subsequently erodes the glass particles
from the etched surface, and can also reduce the surface
roughness.

In embodiments, the desired reduced gloss or glare levels
can be obtained, for example, by adjusting at least one or
more of the following parameters: the viscosity of the par-
ticulate suspension, the binder level in the suspension, the
level or concentration of the glass or like particles in the
suspension, the concentration of the acid etchant, the amount
of glass or like particles deposited on the surface, the particle
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size distribution (PDS) of the glass or like particles used, and
the exposure interval or the time that the particle-bearing
surface of the glass sample is in contact with the acid etchant.

Inembodiments, an anti-glare glass article is provided. The
glass article can be ion-exchangeable and can have at least
one roughened surface. The roughened surface has a distinct-
ness-of-reflected image (DOI) of less than 90 when measured
atan incidence angle of 20° (DOI at 20°). A pixelated display
system that includes the anti-glare glass article is also pro-
vided. The glass article can be, for example, a planar sheet or
panel having two major surfaces joined on the periphery by at
least one edge, although the glass article can be formed into
other shapes such as, for example, a three-dimensional shape.
At least one of the surfaces is a roughened surface including,
for example, topological or morphological features, such as,
projections, protrusions, depressions, pits, closed or open cell
structures, particles, islands, lands, trenches, fissures, crev-
ices, and like geometries and features, or combinations
thereof.

In embodiments, the disclosure provides an aluminosili-
cate glass article. The aluminosilicate glass article can
include, for example, at least 2 mol % Al,O;, can be ion-
exchangeable, and can have at least one roughened surface.
The aluminosilicate glass article can have at least one rough-
ened surface comprising a plurality of topographical features.
The plurality of topographical features can have an average
characteristic largest feature size (ALF) of from about 1
micrometer to about 50 micrometers.

In embodiments, the disclosure provides a display system.
The display system can include, for example, at least one
glass panel and a pixelated image-display panel adjacent to
the glass panel. The image-display panel can have a minimum
native pixel pitch dimension. The average characteristic larg-
est feature size (ALF) of the glass panel can be less than the
minimum native pixel pitch dimension of the display panel.
The pixelated image display panel can be, for example, one of
an LCD display, an OLED display, or like display devices.
The display system can also include touch-sensitive elements
or surfaces. The glass can be, for example, any of the afore-
mentioned glasses, such as an aluminosilicate ion-exchanged
glass that has at least one roughened surface including a
plurality of features having an ALF, and the image-displaying
panel has a minimum native pixel pitch. The minimum native
pixel pitch can be, for example, greater than the ALF of the
roughened surface of the glass panel.

ALF is measured in the plane of (i.e., parallel to) the
roughened glass surface, and is therefore independent of
roughness. ALF is a measurement of feature variation in the
x- and y-directions, i.e., in the plane of the roughened glass
surface. Selecting the largest characteristic features is a useful
distinction from other methods that determine a more global
average feature size. The largest features are most easily seen
by the human eye and are therefore most important in deter-
mining visual acceptance of the glass article. In embodi-
ments, the topological or morphological features of the at
least one roughened surface has an average characteristic
largest feature (ALF) size of from about 1 micrometer to
about 50 micrometers, of from about 5 micrometers to about
40 micrometers; of from about 10 micrometers to about 30
micrometers; and from about 14 micrometers to about 28
micrometers, including intermediate values and ranges. The
average characteristic largest feature size is the average cross-
sectional linear dimension of the twenty largest repeating
features within a viewing field on a roughened surface. A
standard calibrated optical light microscope can typically be
used to measure feature size. The viewing field is proportional
to the feature size, and typically has an area of approximately
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30(ALF)x30(ALF). If, for example, the ALF is approxi-
mately 10 micrometers, then the viewing field from which the
twenty largest features are selected is approximately 300
micrometersx300 micrometers. Small changes in the size of
the viewing field do not significantly affect ALF. The standard
deviation of the twenty largest features that are used to deter-
mine ALF should generally be less than about 40% of the
average value, i.e., major outliers should be ignored since
these are not considered “characteristic” features.

The topography of the anti-glare surface can include, for
example, features such as protrusions or projections, depres-
sions, and like features having a maximum dimension of less
than about 400 nm. In embodiments, these topographical
features can be separated from each other or spaced apart at a
mean distance of from about 10 nm up to about 200 nm. The
resulting anti-glare surface can have an average roughness, as
measured by the peak-to-valley difference (PV) measure on
the surface. In embodiments, the anti-glare surface can have a
RMS roughness of about 800 nm, of about 500 nm, and about
100 nm.

The features used to calculate ALF are “characteristic;”
i.e., at least twenty similar features can be located in the
proportional viewing field. Different morphologies or surface
structures can be characterized using ALF. For example, one
surface structure may appear to be closed-cell repeating
structures, another may appear to be small pits separated by
large plateaus, and a third may appear to be a field of small
particles punctuated by intermittent large smooth regions. In
each instance, the ALF is determined by measuring the
twenty largest repeating surface regions that are substantially
optically smooth. In the instance of the repeating closed cell
surface structure, the features to be measured are the largest of
the cells in the closed-cell matrix. For the surface structure
comprising small pits separated by large plateaus, the large
plateaus between pits are to be measured. For the surface
comprising a field of small particles punctuated by intermit-
tent large smooth regions, the intermittent large smooth
regions are to be measured. All surfaces with substantially
varying morphologies can thus be characterized using ALF.

In embodiments, the at least one roughened surface of the
glass article has an average RMS roughness can be from
about 10 nm to about 800 nm, from about 40 nm to about 500
nm, and from about 40 nm to about 300 nm. In embodiments,
the average RMS roughness can be greater than about 10 nm
and less than about 10% of the ALF, greater than about 10 nm
and less than about 5% of ALF, and greater than about 10 nm
and less than about 3% of ALF.

The specification of low DOI and high Ros/Rs provide
constraints on the characteristic feature size and ALF. For a
given roughness level, it has been found that larger feature
sizes result in lower DOI and higher Ros/Rs. Therefore, to
balance the display sparkle and the DOI target, in embodi-
ments, it can be desirable to create anti-glare surfaces having
an intermediate characteristic feature size that is neither too
small nortoo large. It is also desirable to minimize reflected or
transmitted haze when the transmitted haze is scattering into
very high angles that can cause a milky white appearance of
a roughened article under ambient lighting.

“Transmission haze,” “haze,” or like terms refer to the
percentage of transmitted light scattered outside an angular
cone of +4.0° according to ASTM D1003. For an optically
smooth surface, the transmission haze is generally close to
zero. Transmission haze of a glass sheet roughened on two
sides (Haze, ;) can be related to the transmission haze of a
glass sheet having an equivalent surface that is roughened on
only one side (Haze, _;,.), according to the approximation of

eq. (2):
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Haze; iqo~[(1-Haze, q.) Haze) gq.]+Haze, 4

Q).

Haze values are usually reported in terms of percent haze.
The value of Haze, ;. from eq. (2) must be multiplied by
100. In embodiments, the disclosed glass article can have a
transmission haze of less than about 50% and even less than
about 30%.

A multistep surface treatment process has been used to
form the roughened glass surface. An example of a multistep
etch process is disclosed in commonly owned copending U.S.
Provisional Patent Appln 61/165,154, filed Mar. 31, 2009, to
Carlson, et al., entitled “Glass Having Anti-Glare Surface and
Method of Making,” where a glass surface is treated with a
first etchant to form crystals on the surface, then etching a
region of the surface adjacent to each of the crystals to a
desired roughness, followed by removing the crystals from
the glass surface, and reducing the roughness of the surface of
the glass article to provide the surface with a desired haze and
gloss.

In embodiments, various performance enhancing additives
can be included in the particle suspension, the etch solution,
or both, including for example, a surfactant, a co-solvent, a
diluent, a lubricant, a gelation agent, and like additives, or
combinations thereof.

The contacting with etchant can involve, for example,
selective partial or complete dipping, spaying, immersion,
and like treatments, or a combination of treatments, with an
acidic etch solution including, for example, 2 to 10 wt %
hydrofluoric acid and 2 to 30 wt % of a mineral acid, such as
hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid,
and like acids, or combinations thereof. The glass surface can
be etched in the solution for periods of from about 1 to about
10 minutes, with longer times generally leading to a greater
reduction in the surface roughness. The disclosed concentra-
tions and etch times are representative of suitable examples.
Concentrations and etch times outside the disclosed ranges
can also be used to obtain the roughened surface of the glass
article albeit potentially less efficiently.

In chemical strengthening, larger alkali metal ions are
exchanged for smaller mobile alkali ions near the glass sur-
face. This ion-exchange process places the surface of the
glass in compression, allowing it to be more resistant to any
mechanical damage. In embodiments, the outer surface of the
glass article can optionally be ion-exchanged where smaller
metal ions are replaced or exchanged by larger metal ions
having the same valence as the smaller ions. For example,
sodium ions in the glass can be replaced with larger potassium
ions by immersing the glass in a molten salt bath containing
potassium ions. The replacement of smaller ions with larger
ions creates a compressive stress within the layer. In embodi-
ments, the larger ions near the outer surface of the glass can be
replaced by smaller ions, for example, by heating the glass to
a temperature above the strain point of the glass. Upon cool-
ing to a temperature below the strain point, a compressive
stress is created in an outer layer of the glass. Chemical
strengthening of the glass can optionally be performed after
the surface roughening treatment, with little negative effect
on the ion-exchange behavior or the strength of the glass
article.

In embodiments, the disclosure provides a method for
making an anti-glare surface including, for example, “par-
ticulating” (i.e., populating) the surface with particles, such
as with a liquid suspension or a soot gun, etching the particu-
lated surface with a suitable etchant, ion-exchanging the
etched surface, and optionally accomplishing further pro-
cessing to reduce objectionable surface flaws (i.e., flaw
reduction). Alternatively or additionally, the surface can be
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ion-exchanged, particulated with particles, etched with an
etchant, and optionally flaw reduction processing.

Referring to the figures, FIG. 1 schematically shows the
steps in the process of creating an anti-glare layer on a
GORILLA® glass surface. Glass particles having an average
size less than about 10 micrometers are suspended in a suit-
able liquid, and the resulting suspension can be deposited
(100), for example, sprayed onto a glass substrate, and the
solvent removed to leave a residual layer of glass particles
(105) weakly adhered on the glass substrate (110). The
sample can then be dipped into or immersed in an acid etch
(120) bath. The HF/H,SO,, etchant attacks the area around the
glass particles and eventually under-cuts the area covered by
individual particles. The glass particles are liberated from the
substrate surface during the etch (120) and thus create a
textured surface (130) on the glass substrate having anti-glare
properties.

FIG. 2a shows a micrograph image of glass particles that
have been spin-coated onto a chemically strengthened glass
surface (GORILLA® glass from Corning, Inc.) and are ready
for etching. D, of 3.5 micrometer glass particles were mixed
into suspension then spin-coated on the glass surface.

FIG. 256 shows a micrograph image at 100x magnification
of a glass surface after etching in acid solution for about 10
minutes in a 3M HF/3.6 M H,SO, bath. An excellent anti-
glare surface layer was produced. These samples had haze of
3% (target: less than about 10%); distinctness-of-image
(DOI) measurement of 59 (target: 50 to 75).

FIG. 3 shows the results three-dimensional optical surface
analysis measurements and images (Zygo; www.zygo.com)
for the etched sample. The mean of peak-to-valley was 1.4
micrometers. The surface roughness (Ra) of about 122 nm is
also in the targeted range of about 100 to about 300 nm.

FIG. 4 shows a plot of the haze and DOI plotted against
etch time. Strong correlations between haze (square data
points) and DOI (diamond data points) versus time were
demonstrated (haze fitted (400): y=0.5916x+0.0431, and
R?=0.9067; DOI fitted (410): y=—4.5689x+115.12 and
R?=0.9133). By controlling the etch time, desired DOI, haze,
or both can be achieved.

FIGS. 5a and 5b, respectively, show the glass surface
before etching and a Zygo profile after etching, for a repre-
sentative spray-coated sample. In FIG. 5a the dark regions
correspond to heavily or densely particulated area, the gray
regions correspond to relatively lighter or less densely par-
ticulated area, and the white regions correspond to areas void
or free-of deposited particulate material.

In embodiments, the disclosed method and article can pro-
vide at least one or more of the following advantages. The
disclosed etch method can be accomplished quickly, for
example, in from about 1 to about 10 minutes, in from about
1 to about 5 minutes, such as in from about 2 to about 4
minutes, to create an anti-glare layer on a glass surface. A
conventional multi-bath method can take about 60 minutes or
more. The disclosed etch method uses a single chemical
etchant bath (e.g., HF+H,SO,) instead of three or more baths
used in conventional processes.

In embodiments, the disclosed method can etch away, for
example, from about 1 to about 50 micrometers of the sub-
strate being etched (i.e., into the plane of the substrate or the
z-direction), from about 1 to about 30 micrometers of the
substrate, from about 1 to about 20 micrometers of the sub-
strate, from about 1 to about 10 micrometers of the substrate,
including intermediate values and ranges, to create a desired
anti-glare layer. In contrast, a conventional etch process can
typically remove about 100 to about 200 micrometers of the
glass surface. Since relatively little glass is lost from the glass
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substrate using the disclosed method, the glass can have a
maximum warp of less than about 250 micrometers (see also
FIG. 8, and accompanying text). A conventional glass etching
process can produce glass surfaces having, for example,
about 300 micrometers or more of warp.

Samples prepared with the disclosed process show similar
optical properties (e.g., haze, gloss, and distinctness of image
(DOI)) when compared with samples etched with a conven-
tional process, but the present method and samples are advan-
taged by having substantial reductions in process time and
costs. The disclosed process is readily scaled-up for large
parts, such as a one square mete